Life-cycle management combined with degradation diagnosis is useful for preventing an unexpected failure and extending service life of electric power apparatuses, resulting in the decreased life-cycle cost (LCC). We have examined a method of life-cycle management based on TBM (Time-Based Maintenance) and CBM (Condition Based Maintenance), and discussed the economically optimum parameters of diagnosis, i.e. interval and criterion of the diagnosis. A power cable with water-tree degradation was studied as an example of power apparatuses.
In our previous work, the method of life-cycle management based on CBM was very simplified, assuming that the parameters of diagnosis were unchanged throughout the service life of a power cable (CBM-1). In this paper, as more condition-oriented life-cycle management, we examined a method of life-cycle management based on two diagnosis intervals (CBM-2). Figure 1 shows the relation between replacement criterion and the LCC in CBM-1 and CBM-2. In Figure 1 , LCC is normalized to the minimum LCC in TBM where replacement interval is 21 years. If the replacement criterion can be set longer than 1500 µm, LCC in CBM-1 is smaller than TBM. The advantage of CBM-2 appears if the replacement criterion can be set at 2000 µm or shorter. Furthermore, if the replacement criterion can be set properly, the LCC in CBM-1 and CBM-2 does not vary so much. The results suggest that the condition-based management can contribute to a robust life-cycle management even if the diagnosis parameters can not be set at the optimum value.
To carry out reliable life cycle management, accurate data on the relation between extent of degradation and failure probability or remaining life as well as a well-established diagnostic method are necessary. In this paper, we examine the influence of accuracy of the data used to determine the optimum diagnostic parameters and evaluate how the life-cycle cost is affected by the employment of inaccurate data.
Assuming that the standard deviation of annual change in maximum water-tree length is evaluated as larger value than the actual, we calculated the increase in LCC. Figure 2 shows the results. In this case, because we expect the larger number of CV cables with longer maximum-water tree length, hence possible larger failure loss for the future, the replacement interval in TBM is set at shorter value than that in the optimum value, resulting in the increased cable replacement cost. In CBM-1, although we set shorter diagnosis interval, the number of cables actually replaced is much smaller due to the diagnosis, resulting in smaller increase in LCC in CBM-1 than that in TBM. The influence of data accuracy on CBM-2 is small also. As for the relation between failure probability and maximum water-tree length, the influence of data accuracy on LCC is much smaller in CBM-1 and CBM-2 than in TBM, because the actual number of replaced cables is much smaller due to the condition diagnosis. The sensitivity analysises suggest that the influence of data accuracy on LCC is smaller with a condition based management. Consequently, a condition diagnosis can contribute to the reliable and robust life-cycle management. accurate data on the relation between extent of degradation and failure probability or remaining life as well as a well-established diagnostic method are necessary. In this paper, we examine the influence of accuracy of the data used to determine the optimum diagnostic parameters and evaluate how the life-cycle cost is affected by the employment of inaccurate data. As more condition-oriented life-cycle management, we discuss the effects of a method of life-cycle management based on two diagnosis intervals in terms of reliable life-cycle management.
We also discuss the measurement sensitivity necessary for an effective asset management based on diagnosis. breakdown voltage (kV) cumulative failure probability (%) (l : maximum water-tree length) 1000 < l < 1500 µm 500 < l < 1000 µm l < 500 µm breakdown voltage (kV) cumulative failure probability (%) (l : maximum water-tree length) 1000 < l < 1500 µm 500 < l < 1000 µm l < 500 µm 図 2 異なる最大水トリー長を持つケーブルの 破壊電圧に関するワイブルプロット （破線は 〈4･3〉 節で用いる） 
